In a previous article (1) an attempt was made to correlate the findings in the gastric juice of patients having pernicious anemia with the clinical condition of the patients, the degree of central nervous system involvement present, and the maintenance dose of liver extract. Little or no correlation could be found; therefore, this study of the duodenal contents of patients having pernicious anemia was undertaken. The work of Castle and his associates (2) also indicated that additional studies on the digestion of proteins in cases of pernicious anemia should be carried out.
Ehrmann and Lederer (3) (1908) were the first to describe the results of duodenal analyses in cases of achylia gastrica, normal or slightly higher values being found by them. Einhorn (4) (1910) reported the results of the examination of 7 cases of achylia gastrica, in which 4 had normal trypsin values, 1 a low value, and 2 a complete absence of trypsin. In 1914 he reported (5) two cases of achylia gastrica with chronic pancreatitis in which there was an absence of trypsin but in which the other duodenal enzymes were approximately normal. He found (6) high enzymatic activity in the duodenal contents of 3 other cases with achylia gastrica, in 1918. Crohn (7) , in 1913, recorded a case of gastric achylia in which there were normal amounts of all duodenal enzymes except pancreatic rennin. In 1915, he (8) stated that "in my present series, consisting of over 120 cases, 103 cases are regarded as presenting normal pancreatic function; these include many pathological conditions; gastric lesions, benign and malignant, achylia gastrica, organic syphilis, exophthalmic goitre, secondary and primary anemias, malignant growths of various organs, diabetes mellitus, etc." Chace and Myers (9) , in 1913, reported 1 case of pernicious anemia and 3 other cases of achylia gastrica in which there were normal amounts of duodenal enzymes. White (10) , in 1916, studied another case of pernicious anemia and 3 other cases of achylia gastrica, all four having normal or high pancreatic enzyme values. In 1922, McClure and Jones (11) , after studying two cases of pernicious anemia in severe relapse and two other cases of achylia gastrica, concluded that "in achylia gastrica and pernicious anemia no abnormalities in activity of the external secretory function of the pancreas were demonstrable, as measured by the enzyme determination of the duodenal contents." In 1922, Roth and Sternberg (12) reported 6 cases of achylia gastrica in which the pancreatic enzymes were present. Kahn (13) also, in 1923, described one case of sprue with gastric and pancreatic achylia. The pancreatic achylia disappeared on proper diet, although the gastric achylia persisted. McClure, Montague, and Mortimer (14) , in 1924, found another case of achylia gastrica in which the pancreas functioned normally both as to enzymes and alkaline fluid. Silverman and Denis (15) , in 1924, observed one case of achylia gastrica with approximately normal duodenal enzymes. Piersol and Bockus (16) recorded the findings in 3 cases of achylia gastrica in 1925. In two of these cases there was a rather low trypsin activity, while, in the third, trypsin was absent in one examination and present in a higher percentage than normal in another. Landau et al. (17) , in 1926, reported 4 cases of pernicious anemia in which there was both gastric and pancreatic achylia. By 1929 Landau and Glass (18) had collected 9 cases of pernicious anemia with both gastric and pancreatic achylia. (Four of these had been reported in their previous article.) They stated that, since the introduction of duodenal and gastric analyses, they had done daily examinations and these nine cases were the only ones in which both gastric and pancreatic achylia was found.
Martin (19) (1) . No food or drink was given to the subjects between the evening meal and the morning of the test. Early in the morning the fasting gastric contents were removed by means of a Rehfuss tube while the subject was in a semirecumbent position. The subject then swallowed the tube to approximately the 75 cm. mark and was turned onto the right side. After the subject had rested in this position for from J to I of an hour, an attempt was made to localize the position of the tube. To localize the tube the following procedures were followed:
1. Auscultation was performed over the epigastrium during the injection of air into the tube. (As stated by Richards (22) , if the tip of the tube was in the stomach, a loud cavernous sound was transmitted to the ear of the examiner, but if it was in the duodenum, a more distant, muffled, high pitched sound was heard.) 2. Sensation of the subject on the injection of the air was noted. (Many of the patients noticed a distinct difference in sensation when the air was injected into the duodenum. The injected air was felt much deeper and very quickly could be felt passing through the intestines.) 3 . The rapid disappearance of the acid injected was observed. 4 . Persistence of deep bile color to the fluid on removal was noted.
If the above requirements were fulfilled, it was thought that the tip of the tube was in the duodenum and that the fluoroscope was not absolutely necessary to verify the position of the tube. Fluoroscopic examination probably would have helped in several instances in passing the tube into the duodenum, as, occasionally, it was necessary to wait three hours or longer and to change the position of the subject and the tube many times before the tube dropped into the duodenum. On a few occasions the examination was unsuccessful as the tube would not pass into the duodenum.
After To rule out the possibility of pepsin interfering with the trypsin determination, 5 cc. of normal gastric juice with a high pepsin content was allowed to act on casein in the manner outlined above. The gastric juice had no proteolytic activity under these conditions.
RESULTS IN NORMAL SUBJECTS
In Table III are tabulated the results in normal subjects. The fasting gastric contents all contained a trace of trypsin and lipase. In the samples with acid reaction the amylase was entirely absent. The one specimen which was alkaline had considerable amylolytic power, due, no doubt, to the presence of saliva. This sample also had the greatest tryptic activity.
In the duodenal specimens in which the reaction was neutral or alkaline, the results were quite uniform. Again it was noted that the acid reaction completely inactivated the amylolytic enzyme and markedly de- There was an increase in tryptic and lipolytic activity over the fasting gastric findings in all of the duodenal samples. The average of the tryptic activity in the half hour duodenal samples of the 22 cases of pernicious anemia, before activation with enterokinase, was 15.2 mgm. per cc. and 21.5 mgm. per cc. following the activation. The value obtained before activation was approximately the same as that found in normal persons, but the value after activation was distinctly lower. There was an increase of only 49 per cent of the tryptic value after activation with the enterokinase, as compared with the increase of 83 per cent found in the normal specimens. Therefore, it appears that there is a decreased secretion of trypsinogen in these patients; although their values for tryptic activity by the usual tests fall within the normal range. It is evident from these observations that there is a normal amount of enterokinase secreted by the duodenum. The average of the lipolytic activity in the half hour samples of the cases of pernicious anemia was slightly lower than the normal values. The average amylolytic values were approximately equal to those found in the normal persons.
The 22 cases of pernicious anemia were grouped in Table V and in Chart 2 according to their clinical and hematological status at the time of the analyses. Those patients having moderate to advanced central nervous system involvement usually had a much lower tryptic activity in the duodenal contents, not only when the tryptic values were compared with the normal findings, but even when these values were compared with those obtained in the patients with pernicious anemia having early or no There were only five patients having red blood counts below 3.0 million per c.mm., but in all there was a definite decrease in lipase and amylase and a slight decrease in trypsin. Fifteen of the patients had been studied by this department for a sufficient length of time to be used for determining the relationship of the duodenal contents with the maintenance dose of liver extract. The averages of the tryptic and lipolytic activity in those patients who were able to maintain the blood at normal levels by taking the amount of liver extract derived from 300 grams or less of whole liver daily, were approximately equal to those found in the patients requiring more liver extract. The average of the amylolytic activity of the latter group was slightly higher than that of the former. The one patient who was able to maintain the blood at normal levels while taking very small amounts of liver extract, however, had the highest tryptic activity in the duodenal contents of any of the fifteen patients.
DISCUSSION
In the 22 cases of pernicious anemia studied, there were no cases in which there was an absence of the pancreatic enzymes in the duodenal contents. This is in agreement with the findings of Crohn (7) (8), Chace and Myers (9), White (10), and McClure and associates (11) , but is at variance with the findings of Cheney and Niemand (21) . However, Cheney and Niemand based their opinion on the analyses of the fasting gastric contents. From our work it is evident that fasting gastric juice findings are not a satisfactory index of the external secretory function of the pancreas.
Although there were no cases in which there was a total absence of the pancreatic enzymes, it is interesting to note that, in all the patients with pernicious anemia having decreased amounts of tryptic enzymes, there was moderate to advanced central nervous system involvement present. We feel that this finding of low enzymatic activity in the duodenal contents of cases with achylia gastrica is of more significance than similar findings in cases having normal gastric function, because there was no free hydrochloric acid or pepsin to inhibit the pancreatic enzymes and, in addition, there was only a small amount of gastric juice in such cases to dilute the duodenal contents. The finding of decreased tryptic activity in the patients with pernicious anemia having moderate to advanced central nervous system involvement, suggests the possibility that a decrease in the external secretory function of the pancreas might be of etiological importance in the production of central nervous system involvement in pernicious anemia. A study of the duodenal contents of a larger series of cases is necessary to verify this possibility.
In this limited series, Case number 8 is the only one suggesting any correlation between maintenance dose of liver extract and the amount of pancreatic enzymes in the duodenal contents. This patient had one of the highest tryptic values in the whole series and was able to maintain the blood at normal levels for a period of 2/ years while taking the amount of liver extract derived from 100 grams of whole liver every other day. This suggests that the maintenance dose of liver extract in some patients with pernicious anemia may be influenced by the degree of activity of the pancreas; however, the findings in the remaining patients show no such relationship. The probability still remains that in the majority of the patients receiving an adequate diet and having no complications, the maintenance dose of liver extract is governed by the ability of the patient to absorb the active principle from the gastro-intestinal tract, as suggested by Castle and his associates (26) . CONCLUSIONS 1. Twenty-two cases of pernicious anemia were studied and all showed pancreatic enzymes in the duodenal contents.
2. The determination of pancreatic enzymes in the fasting gastric contents is of no value in estimating pancreatic activity.
3. The incubation of duodenal contents with enterokinase is necessary in order to determine the total amount of proteolytic enzymes secreted by the pancreas.
4. The ability of the duodenal mucosa to secrete enterokinase is apparently not impaired in pernicious anemia.
5. All patients with pernicious anemia who had decreased tryptic activity showed moderate to advanced central nervous system involvement.
6. With the possible exception of one case, there was no correlation between maintenance dose of liver extract and the activity of the pancreatic enzymes.
